Aim: Breast cancer is typically detected either during a screening examination or after a woman notices a lump. Breast cancers have different phenotypes depending on the presence/absence of an estrogen receptor (ER) and/or an epidermal growth factor (Her-2) receptor. The objective of the present investigation was to investigate growth inhibitory activity of methanol-, ethanol-, and water-extracts from papaya fruit and leaves on MDA-MB-231 (ER 
INTRODUCTION
Cancer is the second most common cause of death in the US [1] . About 1,685,210 people were estimated to have been diagnosed with cancer, and an estimated 595,690 were expected to die from it in 2016 [2] . According to a published report, an estimated 14 million cases of cancer reported worldwide and nearly half (about 13% of the total worldwide deaths) died from cancer [3] . According to National Cancer Institute (2016), the most common cancer in the world is breast cancer in females and prostate cancer in males, followed by lung cancer. However, lung cancer causes more deaths than breast or prostate cancer [4] . Breast cancer is characterized in different molecular phenotypes based on three cellular receptors: estrogen receptor (ER), progesterone receptor (PR), and the epidermal growth factor receptor family member (Her-2/Neu). According to this classification a breast cancer can be ER - [5] . These subtypes have different tumor biology and treatment strategies.
The early and advanced hormone positive breast cancers can be effectively treated with endocrine therapy which blocks the estrogen production and/or inhibits the effect of estrogen at the receptor level [6] . Tamoxifen is a selective modulator of ER which is used as a gold-standard adjuvant treatment since 1995 for pre-and postmenopausal patients at low-risk of recurrence [7] . More recently, aromatase inhibitors (AIs) including drugs letrozole, anastrozole, and exemestane are developed which inhibit enzyme aromatase and reduce estrogens formation from androgens [8, 9] . Other recent developments in breast cancer therapy include the development of strategies to inhibit Her-2 activity, especially in Her-2 positive breast cancer by monoclonal antibodies and by antibody fragments [10, 11] . The recently developed humanized monoclonal antibody, trastuzumab (Tra), specifically targets the extracellular domain of Her-2, which is approved by the Food and Drug Administration (FDA) for the treatment of Her-2 + breast cancer [12, 13] . Another strategy to treat breast cancer is to develop inhibitors for angiogenesis. Angiogenesis is a process where new blood vessels are formed from existing vessels [14] . The strategies to reduce angiogenesis are (1) the development of antibodies or small molecules against vascular endothelial growth factor, basic fibroblast growth factor or platelet-derived growth factor to inhibit action of these proangiogenic factors and (2) the use of endogenous angiogenesis inhibitors including thrombopondin-1, endostatin, angiostatin, arresten, canstatin and tumstatin [15, 16] . Although successful, these treatments for breast cancer have considerable side effects and often patients develop resistance to these drugs. There is a growing interest to use natural products for as an alternative or adjunct strategy to treat and prevent breast cancer.
Several epidemiological studies have shown that consumption of fruits, and vegetables (especially soy and cruciferous vegetables) are linked to reduced risk of breast cancer [17, 18] , and some dietary natural products consumption might increase the survival rate of breast cancer by reducing the recurrence [19, 20] . Several experimental studies have also shown that dietary natural products and their bioactive compounds can be very effective in reducing breast cancer growth because they are able to downregulate ER-α expression and activity; inhibit tumor proliferation, metastasis and angiogenesis of breast tumor cells; induce apoptosis and cell cycle arrest; and sensitize breast tumor cells to radiotherapy and chemotherapy [21, 22] . It has been shown that the breast carcinogenesis occurs due to oxidative damage of mitochondrial DNA by reactive oxygen species (ROS) [23, 24] . In a review article, studies were discussed indicating that the effects on cancer cells by fruits and vegetables, which are rich in flavonoids and other phenolic compounds, have been associated with their abilities to reduce or inhibit free radical-mediated damage to cellular macromolecules, such as proteins, lipids, and DNA [25] . These observations suggest that there may be an inverse association between antioxidation properties and cancer cell growth. The consumption of natural-dietary substances is, therefore, suggested as a useable approach for the prevention and/or treatment of breast cancer [26] . The papaya (Carica papaya Linn) tree that belongs to a family Caricaceae, is originated in southern Mexico and Costa Rica. Now it is grown all over the world including Australia, Hawaii, Philippines, Sri Lanka, South Africa, India, and in all tropical and subtropical regions. Some counties produce papaya on a commercial scale for export; however, in most of the tropical regions it can be grown in home gardens [27] . Traditionally, all parts of papaya including roots, seeds, flowers, fruit, latex, barks, and leaves have been used to treat a number of diseases in various regions in the world. Papaya has also been studied for its anticancer activities for colorectal [28] , prostate [29, 30] , cervical [31] and breast cancers [32] . The fruit, seeds, or leaves extracts of papaya have been shown to possess cytotoxic and anti-proliferative activities for a number of cancer cells lines including breast (MCF-7), liver (HepG2) and cervical carcinoma (Hela), lung adenocarcinoma (PC14), oral squamous cell carcinoma (SCC25), pancreatic epithelioid carcinoma (Panc-1), mesothelioma (H2452), and cancer of haematopoietic cell lines, including T cell lymphoma (Jurkat), plasma cell leukemia (ARH77), Burkitt's lymphoma (Raji), and anaplastic large cell lymphoma (Karpas-299) and human promyelocytic leukaemia (HL-60) [33] [34] [35] . The lipophilic extracts of papaya pulp inhibited cell proliferation of ER + breast cancer MCF-7 cells but did not inhibit ER -breast cancer MDA-MB-231 cells [36] . During present investigation, the effect of papaya extracts from leaves, skin, pulp and seeds were assessed on estrogen and Her-2-dependent and -independent breast cancer using representative cells lines. ) breast cancer cell were purchased from ATCC (Manassas, VA 20110). F-12K (21127-022) media was purchased from Gibco (Grand Island, NY14072). Fetal bovine serum was purchased from RAMBIO (Missoula, Montana). Antibiotics: penicillin and streptomycin, and phosphate buffered saline was purchased from Fisher (Fair lawn, New Jersey). Folin-Ciocalteu, aluminum chloride, Diphenyl-1-picrylhydrazyl (DPPH), quercetin, gallic acid, and Trolox were purchased from Sigma Chemical Co (St Louis, MO). Green papaya was obtained from Randolph Farm at Virginia State University. WST-1 (MK400) was purchased from Talkara (Kusatsu, Shiga, Japan).
METHODS

Materials
MDA-MB
Isolation of papaya leaves, skin, pulp, and seeds
Unripe green papaya (2-3 kg) was obtained from Randolph Farm at Virginia State University, Petersburg VA. The papaya was washed with distilled water, then blotted dry with paper towel. The skin was peeled off using a kitchen peeler. The unskinned papaya was cut into half to remove seeds and then the pulp was cut into small pieces. The leaves and seeds were washed with distilled water. All fractions (leaves, skin, pulp and seeds) were spread on a plastic trays and left for drying in a chemical hood until a constant weight was obtained. The dried leaves, skin, pulp and seeds were ground to a fine powder using a mortar and pestle. The dried powder was flash frozen with nitrogen and stored at -80 o C until used.
Preparation of leaves, skin, pulp and seeds extract
A known quantity (5 g) of dried papaya powder was mixed with 200 mL of 80% methanol, 60% ethanol, or 100% distilled water. The mixtures were placed on a shaker at room temperature overnight. The next day, the mixture was centrifuged at 1500 g for 20 min using a Thermo Scientific centrifuge (Waltham, MA). The supernatant was collected and the residues were washed 2 times by suspending them again in the respective solutions, mixing, and placing on shaker overnight. The collected supernatant was pooled together and the residues were discarded. The ethanol and methanol extracts were dried in a nitrogen evaporator (Organomation Associates, Inc, Berlin, MA) whereas the water extract was freeze dried. The dried extract was stored in a -20 o C freezer.
Determination of total phenolic content
The total phenolic content (TPC) of papaya extract was determined by using Folin-Ciocalteu method as described [37] . The TPC content of the papaya extract was calculated as gallic acid equivalents.
Determination of total flavonoid content
An aluminum-chloride based assay was used to determine the total flavonoid content (TFC) of the extracts [38] . Quercetin was used as standard and flavonoid content was determined as quercetin equivalent.
Anti-oxidation capacity assay
The anti-oxidation activity in papaya extracts was assayed by using 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) method [39] . The data is reported as % inhibition of DPPH oxidation.
Cell culturing and anti-proliferation assay
MDA-MB-231, MCF7, MDA-MB-361, and AU565 cells were maintained in Dulbecco's modified eagle medium (DMEM; Invitrogen; Carlsbad, CA) supplemented with penicillin (100 units/mL), streptomycin (100 μg/mL) and 10% FBS. SK-Br-3 cells were maintained in McCoy's 5A medium (ATCC) supplemented with penicillin (100 units/mL), streptomycin (100 μg/mL) and 10% FBS. All cell cultures were incubated in a humidified incubator at 37 °C and 5% CO 2 . Media was changed every 3 days and cells were subculture when they became confluent. Effect of papaya leaves, skin, pulp and seeds extract on cell proliferation was determined using a WST-1 assay as per manufacturer instructions. The results are expressed as % change from control.
RESULTS
Characterization of papaya extract for anti-oxidation activity
The anti-oxidation potential of papaya extracts was determined by assessing their total polyphenol content, total flavonoid content and by assaying their anti-oxidation capacity. The data showing the TPC is presented in Figure 1 . The highest amount of TPC was found in the seeds extract that ranged from 14-16 mg/g dry weight of the extracts. There was no significant difference in TPC content between water, ethanol and methanol extracts. The leaves were second highest in TPC content but had a considerably lower amount of TPC than that of seeds. The leaves contained TPC in 1-4 mg/g of dry weights. Water extract contained a lower amount of TPC (~1 mg/g dry weight) than that of ethanol or methanol extract. The amounts of TPC between ethanol and methanol extracts from papaya leaves were not significantly different. The skin The data for the TFC content in various papaya fraction are presented in Figure 2 . The seeds and leaves extracts contained the highest amounts of TFC ranging 2-5.5 mg/g dry weight. The ethanol or methanol extract of leaves contained more TFC (~5 mg/g dry weight) than that of water extract (~2 mg/g dry weight). However, water extracts of seeds contained more TFC (~5.5 mg/g dry weight) than that of ethanol or methanol extracts (~2-2.5 mg/g dry weight). The amount of TFC in pulp and skin were less than that of seeds and leaves. In skin, higher amounts of TFC were present in the ethanol and methanol extracts (~3.2-3.5 mg/g dry weight) than that of water extract (> 1 mg/g dry weight). The pulp contained a lower amount of TFC than that of other fractions. The total amount of TFC in pulp ranged 1-1.5 mg/g dry weight.
The anti-oxidation capacity of papaya fractions was measured by assaying the inhibition of DPPH oxidation and is shown in Figure 3 . The seeds and leaves contained the most anti-oxidation capacity than that of the skin and pulp fractions. The ethanol and methanol fractions of seeds and leaves contained more antioxidation activity than that of water extracts. The ethanol and methanol fractions of seeds and leaves inhibited DPPH oxidation by 75%-85% whereas the water extracts of these fractions inhibited DPPH oxidation by 50%-70%. The skin and pulp inhibited DPPH oxidation from 25% to 35%. There was no significant difference between water, ethanol or methanol extracts of skin or pulp.
Effect of papaya leaves, skin, pulp and seeds extract on MDA-MB-231 breast cancer cells
This experiment was carried out to investigate effect of papaya extracts on ER -/Her-2 -breast cancer cell line using MDA-MB-231. The effect of water extract from leaves, skin, pulp and seeds is shown in Figure 4A . When the cells were treated with water extract of papaya leaves, the cells viability is reduced in a dosedependent manner reaching a significant reduction of 20% (P < 0.05) at 150 mg/mL. On further increasing the concentration of extract, the cell viability was further reduced to 30% (P < 0.05). Water extract of skin has no significant effect except at the highest concentration (250 mg/mL) where cell viability is reduced by a marginal 10% (P < 0.05). The pulp extract has no significant effect at any concentration. The water extract of seeds exhibited an effect similar to the water extract of the leaves causing a significant reduction in cell viability by 20% (P < 0.05). and ethanol extracts were compared to that in the water extracts. The significant differences, as marked "*", are reported at P < 0.05
Hadadi The effect of methanol extract from leaves, skin, pulp and seeds is shown in Figure 4B . The data indicate that none of the papaya fractions has any significant effect on cell viability of MDA-MB-231 breast cancer cells.
The effect of ethanol extract from leaves, skin, pulp and seeds is shown in Figure 4C . The extract from leaves, skin, and pulp has no significant effect; however, seed extract reduced cell viability starting at 75 mg/mL. The cell viability was reduced significantly by 20% (P < 0.05) at the highest concentration of 250 mg/mL.
Effect of papaya leaves and seeds extract on MCF-7 breast cancer cells
As we found from our previous experiment, neither the water, methanol nor ethanol extracts from pulp and skin had any effect on breast cancer cells; however, leaves and seeds showed effects on cell proliferation. We, therefore, carried out subsequent experiments on the extracts from leaves and seeds only. The effect of water extract from leaves and seeds is shown in Figure 5A . The extract from seeds, has no significant effect; however, leaves extract reduced cell viability significantly by 30% (P < 0.05) at the highest concentration of 250 mg/mL.
The effect of methanol extract from leaves and seeds is shown in Figure 5B . The data indicate that none of the papaya fractions has any significant effect on cell viability of MCF-7 breast cancer cells.
The effect of ethanol extract from leaves and seeds is shown in Figure 5C . Similarly, our data indicate that none of the papaya fractions has any significant effect on cell viability of MCF-7 breast cancer cells.
Effect of papaya leaves and seeds extract on SK-Br-3 breast cancer cells
We performed further experiments to test the effect of papaya extracts in ER -/Her-2 + breast cancer using SKBr-3 cells. As explained above, we only tested extracts from leaves and seeds on these cells.
The effect of water extract from leaves and seeds is shown in Figure 6A . The extract from seeds has no significant effect except at the highest concentration (250 mg/mL) where cell viability is reduced by 25 % (P < 0.05). However, leaf extract reduced cell viability in a dose-dependent manner starting at 10 mg/mL. The cell variability was reduced significantly by 50% (P < 0.05) at the highest concentration of 250 mg/mL. Anti-oxidation capacity of papaya fractions. The anti-oxidation activity in papaya extracts was determined by using 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) method. The data is reported as % inhibition of DPPH oxidation. Results are mean ± SD for at least 3 experiments. The results of methanol and ethanol extracts were compared to that of the water extracts. The significant differences, as marked "*", are reported at P < 0.05 The effect of methanol extract from leaves and seeds is shown in Figure 6B . The data indicate that none of the papaya fractions has any significant effect on cell viability of SK-Br-3 breast cancer cells.
The effect of ethanol extract from leaves and seeds is shown in Figure 6C . Similar to methanol extracts, the data indicate that none of the ethanol extract from papaya leaves or seeds has any significant effect on cell viability of SK-Br-3 breast cancer cells. 
Effect of papaya leaves and seeds extract on MDA-MB-361 breast cancer cells
The effect of papaya extract on ER + /Her-2 + breast cancer cell lines were investigated using MDA-MB-361 cell lines. We again tested only extracts from leaves and seeds as explained earlier. The effect of water extract Figure 7A . The extract from seeds and leaves have no significant effect on cell viability of MDA-MB-361 breast cancer cells.
The effect of methanol extract from leaves and seeds is shown in Figure 7B . The data indicate that none of the papaya fractions has any significant effect on cell viability of MDA-MB-361 breast cancer cells. The effect of ethanol extract from leaves and seeds is shown in Figure 7C . The data indicate that none of the papaya fractions also has any significant effect on cell viability of MDA-MB-361 breast cancer cells.
Effect of papaya leaves and seeds extract on AU565 breast cancer cells
From data shown above, we found that papaya extract from leaves and seeds were effective against ER -cell The effect of water extract from leaves and seeds is shown in Figure 8A . The extract from seeds has no significant effect; however, leaves extract reduced cell viability starting at 50 mg/mL. The cell viability was reduced significantly by 50% (P < 0.05) at 200-250 mg/mL. The effect of methanol extract from leaves and seeds is shown in Figure 8B . The data indicate that methanol extracts of the papaya leaves and seeds fractions had no significant effect on cell viability of AU565 breast cancer cells. The effect of ethanol extract from leaves and seeds is shown in Figure 8C . The data indicate that ethanol extracts of the papaya leaves and seeds fractions also had no significant effect on cell viability of AU565 breast cancer cells.
DISCUSSION
The present study was carried out to investigate the effect of water, methanol, and ethanol fractions of papaya's leaf, skin, pulp, and seeds on breast cancer cells. We initially tested these fractions for their antioxidation activity. Most the anti-oxidation activity in fruits and vegetables is due to their total polyphenolic content [40] . Our data indicates that seeds have the highest amount of polyphenols than that of other fractions. The leaves also continued substantial amounts of TPC which was 1/3 to that of seeds. Other fractions have very small amounts of TPC. In seeds the amount of TPC was similar in all three extracts but in leaves water extract has less TPC than that methanol or ethanol. Different solvents including water, methanol and ethanol were used during present investigation because the phenolic compounds have different chemical characteristics and polarities and their solubility varies in polar and non-polar solvents [41] . Polar solvents are often used for extracting polyphenols from plant samples. Methanol is a very efficient solvent for extracting polyphenols of lower molecular weight, whereas aqueous acetone is generally used for extraction/isolation of higher molecular weight flavanols [42] . Ethanol is also a good solvent for polyphenol extraction which is also safe for human consumption. In addition, aqueous mixtures containing methanol, ethanol, ethyl acetate, or acetone have also been used by several investigators. Currently, over 8000 phenolic structures have been identified in fruits and vegetables [43] , and flavonoids are one of the major phenolic class comprising of almost 4000 compounds present in different edible plants [43] . We also determined the total flavonoids in the papaya extracts. Our data show that water extract of seeds and methanol and ethanol extracts of leaves contained the highest amount of TFC, which represented about 30%-40% of total phenolic compounds in seeds and leaves. These data suggest that seeds may contain water soluble small molecular weight polyphenols whereas leaves may contain less water-soluble high molecular weight polyphenols.
Next the anti-oxidation activities were determined in these fractions. The leaves and seeds possess the highest anti-oxidation activities. Although leaves and seeds have different phenolic and flavonoids contents, they have similar profile for their anti-oxidation activity. It was interesting to note that methanol and ethanol extracts exhibited higher anti-oxidation activity than the water extract in all papaya fractions. This difference could be due to the differences in the chemical structure of polyphenols and perhaps polyphenols are more soluble in an aqueous mixture of methanol or ethanol than water alone.
The different extracts from various fractions of papaya were used to determine their effects in breast cancer cells. As explained in the introduction section, breast cancer is characterized by different molecular phenotypes. In our initial studies, not much anti-cancer activity was found in pulp and skin extracts. These fractions were also very low in their polyphenolic contents. On the other hand, leaves and seeds showed anti-cancer activity and these fractions have significant amounts of polyphenols. The subsequent experiments were, therefore, performed only using leaves and seeds extracts. MDA-MB-231 was a representative of ER -/Her-2 -breast cancer subtype. The water extracts of leaves and seeds were effective on these cells. The methanol and ethanol extract showed no significant effect. MCF-7 cells line was used as a representative of ER + /Her-2 breast cancer. None of the extracts from seeds or leaves exhibited any effect on these cell lines. Sk-Br-3 cells were used as a representative of ER -/Her-2 + breast cancer subtype. It is clear from the data that only water extract of leaves exhibited effect on these cells line. MDA-MB-361 cell line was used as a representative of ER + /Her-2 + breast cancer subtype. Again, no effect was found by any of the leaves or seeds extract on these cell lines. From this data it is clear that only ER -breast cancer cells irrespective to their Her-2 expression were significantly affected by water extracts of leaves. Whereas ER + cells were largely unaffected. To further validate this finding, AU565, another ER -breast cancer cell line, was used. Similar to Sk-Br-3, water extract of papaya leaves also inhibited growth of this cell lines. These data, therefore, confirm the effect of water extracts from leaves on ER subtypes of breast cancer, which are difficult to treat. This observation indicates that water-soluble, small molecular weight compounds present in papaya leaves may be responsible for the anticancer activity in ER -breast cancer cell lines.
It is also interesting to note that both seeds and leaves extracts were similar in their anti-oxidation activity; however, leaf extracts inhibited ER breast cancer cell growth more potently than that of seeds extracts. It is clear from this observation that the antioxidation activity may not have attributed to their anticancer activity. Our results are consistent to other studies where growth inhibition of MCF-7 cells by pomegranate extract was not attributed to its high antioxidant potential [44] . It appears that the inhibitory compounds in the water extract of papaya leaves acted on cellular mechanism that are involved in regulating cell growth. During the present investigation, the phenolic composition of water extracts of leaves was not determined. However, it has been shown that papaya leaves extract contained proanthocyanidins and saponins classes of phenolic compounds. Water extract of papaya is commonly consumed to prevent/treat other diseases in traditional medicine [45] . This observation suggests that consumption of papaya leaf extract is probably safe. Furthermore, our data are consistent with previous studies, suggesting that papaya leaves can be beneficial for a number of cancers including breast cancer [35] .
Our data is interesting because ER -or triple negative tumors have limited options for the treatment. Triplenegative breast cancers do not have estrogen, progesterone, or Her-2 receptors and treatment with drugs designed to interfere hormone activities is not effective in these receptor-negative cancer cells. These cancers often grow faster than receptor-positive breast cancers. In most cases pre-menopausal women develop hormone receptor-negative cancers and appears to be common in younger women and in women with African-American or Hispanic/Latina ancestry [46] . Some of the ER -breast cancers are Her-2 positive that cancer are now effectively targeted with Herceptin, which is an antibody for Her-2 proteins [47] . The ER -/Her-2 -breast cancers do not benefit from anti-estrogen and/or anti-Her-2 based therapy. The options for treating such cancer are limited and involved surgery or chemotherapy, or both [48] . The drugs that are used to target such tumors are based on inhibition of cell proliferation pathways. Drugs including taxanes, anthracyclin, acts on DNA repair complex like, anti-oncogene P53, and stabilizing microtubules [49] . The effect of papaya leaves water extracts on ER -breast cancer cells in our study appears to be at a moderate level. However, the extract can be concentrated for more aggressive effects. In addition, papaya leaves extracts can be used as an adjunct therapy with the generally prescribed anti-cancer drugs, which may improve the efficacy of the drugs and also reduce the side effects and drug resistance in breast cancer patients. Furthermore, our in vitro data needs to be validated in an in vivo animal model.
In conclusion, water extract of papaya leaves containing water soluble polyphenols may have a potential to inhibit ER -breast cancer. However, further studies are required to determine the actual chemical nature of these phenolic compounds and their mechanism of action.
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